IMPORTANCE Low health literacy is known to adversely affect health outcomes in patients with chronic medical conditions. To our knowledge, the association of health literacy with postoperative outcomes has not been studied in-depth in a surgical patient population.
H ealth literacy (HL) is defined as an individual's ability to obtain, process, and understand health information to make informed decisions and function effectively in the health care environment. [1] [2] [3] The Institute of Medicine and the US Department of Health and Human Services have identified HL as a priority area for disease prevention and health promotion. In 2003, the National Assessment of Adult Literacy, through the Institute of Education Sciences, estimated that 36% of the US population was classified as having "basic" (22%) or "below basic" (14%) HL levels, corresponding to approximately 117 million people today. [2] [3] [4] Conversely, only 12% of the US population is considered to have a "proficient" HL level. 3 Demographic characteristics including sex, race/ethnicity, primary language, age, level of highest education, and socioeconomic status are associated with HL.
3 Additionally, a low HL level is known to negatively influence medical management and lead to poorer health outcomes in several populations with chronic diseases, including hypertension, 5 asthma, 6, 7 diabetes, 5, 8, 9 congestive heart failure, [10] [11] [12] [13] and end-stage renal disease. 14, 15 Low HL has been associated with higher all-cause mortality rates in elderly populations. 2, 11 Given the importance of HL with self-management following discharge, low HL has also been shown to be associated with a higher incidence of unplanned readmissions 16, 17 and an increased rate of acute care and emergency department (ED) visits. 18 With the known associations between HL and outcomes for patients with chronic medical conditions, there are a paucity of data within the surgical literature that evaluate the role of HL on postoperative outcomes. In one observational study of patients undergoing general surgery, Chew et al 19 demonstrated that 12% of patients in an ambulatory surgery practice in a Veteran Affairs population were found to have low HL levels, which correlates with estimates among the general population. 19 Additionally, low HL, within a population of patients who were undergoing a radical cystectomy, was found to be predictive of developing minor postoperative complications. 20 Based on estimates from prior population studies using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database, there are an estimated 18 970 annual colorectal, pancreatic, and hepatic resections for malignant processes. 21, 22 Given the complexity of these procedures, the effect of HL is unknown in this population. During the perioperative period there are several opportunities for low HL levels to adversely affect patient care. Low HL is known to negatively affect a patient's understanding of perioperative instructions, 19 general consent forms, 23, 24 prescription labels, 2,25 and appointment schedules. 2 Considering these data, the surgical population is susceptible to poor health outcomes; thus, the relationship between HL and surgical outcomes needs to be further assessed. The aim of this study was to evaluate the influence of HL, using the Brief Health Literacy Screen (BHLS), on postoperative outcomes, specifically index hospitalization length of stay (LOS), postoperative 30-day ED visits, and 90-day hospital readmission rates among patients who were undergoing major, elective abdominal surgical procedures.
Methods

Setting and Patient Population
We evaluated 1239 English-speaking patients from November 2010 to December 2013 who had undergone elective gastric, colorectal, hepatic, or pancreatic resections in a single tertiary referral, academic teaching hospital. Procedures included open or laparoscopic approaches. Resections for both benign and malignant processes were included. In 2010, the BHLS was implemented institutionally, for all admissions, at the authors' home institution, 26 and eligible patients had a BHLS score that was documented within the electronic medical record. Patients were 18 years or older. The institutional review board at Vanderbilt University approved this study and waived informed consent for record review.
Measuring Health Literacy
Accurately measuring and quantifying HL with administrative ease is an important component of patient assessment. The BHLS is a validated screening tool that is administered by nursing staff members on hospital admission to assess HL levels. [27] [28] [29] The BHLS has been validated across several patient populations 14, 30, 31 and has been implemented institutionally as the primary HL assessment tool in both the inpatient and outpatient settings. 26 Administration takes approximately 1 to 2 minutes, consists of 3 questions, and the results are entered directly into the electronic medical record. Nursing personnel administered the BHLS to patients on admission to the hospital along with other intake assessment forms. The BHLS questions are as follows: (1 
Key Points
Question What is the association of health literacy with postoperative outcomes in patients undergoing major inpatient abdominal surgery?
Findings In a this study of 1239 patients who were undergoing major abdominal surgery, lower health literacy levels were independently associated with an increased index hospitalization length of stay. However, low health literacy was not associated with increased emergency department visits or hospital readmissions following discharge.
Meaning Identifying patients with low health literacy and addressing their specific needs may facilitate timely hospital discharges and decreased lengths of stay. 
Statistical and Patient Analysis
Results
Demographic characteristics of the study population (n = 1239) are summarized in Lower BHLS scores were associated with increasing age (IQR, 52-67; P < .001), lower level of attained education (IQR, 12-16; P < .001), higher ASA class (SD, 55; P < .001), procedure type (P = .002), increased intensive care unit LOS (SD, 4.9; P = .01) and hospital LOS (IQR, 4-8; P = .004) on bivariate analyses. For the entire cohort, presentation to the ED within 30 days of discharge was 14.7% (n = 182) and hospital readmission within 90 days of discharge was 21.4% (n = 265). Patients with the lowest HL levels (BHLS, 3-8) remained in the hospital a median of 1 day longer than did those patients with the highest HL levels (BHLS, 15).
Linear regression modeling for LOS, shown in Table 2 , demonstrated that ASA class 3 (β=1.057; 95% CI, 0.35-1.77; P = .004), ASA class 4 (β=7.188; 95% CI, 5.34-9.04; P < .001), undergoing pancreatic resection (β=2.151; 95% CI, 1.28-3.02; P < .001), and postoperative complications (β=5.629; 95% CI, 4.75-6.51; P < .001) were independently associated with longer LOS. Patients with a lower HL score had a longer LOS (β= −0.139 per point change in BHLS; 95% CI, −0.26 to −0.02; P = .02). Patients who underwent hepatic resections also had a shorter LOS (β= −1.309; 95% CI, −2.15 to −0.47; P = .002).
Logistic regression modeling demonstrated that postoperative complications were predictive of increased rates of ED visits within 30 days of discharge (odds ratio [OR], 3.14; 95% CI, 2.12-4.65; P < .001) as well as increased rates of hospital readmission within 90 days of discharge (OR, 3.76; 95% CI, 2.64-5.34; P < .001). However, HL was not predictive of ED visits within 30 days of discharge (OR, 0.97; 95% CI 0.92-1.04; P = .39), nor was it predictive of hospital readmission within 90 days of discharge (OR, 0.97; 95% CI 0.92-1.03; P = .30). Logistic regression modeling for 90-day hospital readmission is shown in Table 3 .
Discussion
To our knowledge, this is the first study to investigate surgical outcomes associated to a patient's HL level among a population undergoing major abdominal surgery. Interestingly, the BHLS was initially formulated, tested, and later validated within ambulatory surgery populations, 27, 34 but until now it has not been used to assess postoperative surgical outcomes among those undergoing major, inpatient abdominal surgery. We found that lower HL levels were associated with an increased LOS during index hospitalization, such that patients 
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with low HL levels (BHLS 3-8) spent an additional median of 1 day in the hospital compared with those with a high HL level (BHLS, 15). Discharge from the hospital represents a complex transition in the lives of patients. As patients approach impending discharge they can experience a sense of lack of control over their impending recovery and self-care. 35, 36 Elderly patients who are discharged with surgically placed enteral access (ie, gastrostomy or a jejunostomy tube), for example, often feel inundated with new information and instructions, leading to fears of an inability to cope with potential complications or difficulties with use at home. 37 We suggest that surgical patients with low HL levels require additional time and resources for discharge teaching and instruction (eg, management of surgically placed drains, wound care management, dietary changes), arranging home-health needs, and managing general anxiety regarding self-care during surgical disability once out of the hospital. However, HL was not associated with postdischarge outcomes, namely 30-day ED visits or 90-day hospital readmissions. These findings contrast with other studies within chronic medical populations. [16] [17] [18] We offer several hypotheses to help explain this distinction. First, all patients in this study were undergoing elective procedures and patients were medically optimized preoperatively. For the most part, patients were discharged without receiving new medical diagnoses or medications, except for the addition of temporary, symptom-relieving medications (eg, analgesics, antiemetics, and bowel regimen). Perhaps the relative medical stability among this elective surgical population mitigated the potential effects of low HL levels on postdischarge health care use.
Second, surgical patients are routinely evaluated within 2 to 4 weeks following a discharge in the postoperative, follow-up visit, most often with the same surgical team. This appointment is not only useful in evaluating the expected postoperative recovery process, but it also allows patients to address any unexpected postoperative concerns or changes in physiology or symptoms and to obtain refills in medications and supplies. This early postoperative visit may play an important role in the ability of the health care system to detect and address problems early before they result in unnecessary ED visits or hospital readmissions. Among patients who were admitted for acute medical conditions, however, a routine postdischarge continuity visit is often not present.
Strengths and Limitations
This study has several limitations. This is a single-institution, retrospective review and thus lacks the power and generalizability of a prospective study. The study patient population was 87% white with a mean of 13.0 years of highest education. Just over half (51%, n = 632) of the study population had a BHLS score of 15, concordant with proficient or high HL levels, while 6.9% (n = 85) of the study population had low BHLS scores (3) (4) (5) (6) (7) (8) . These characteristics are reflective of a patient population within one urban tertiary referral center. However, we did not assess any risky health behaviors (alcohol, tobacco, or drug use) of the patients in this particular study, but these will be evaluated in future studies.
Additionally, a general underlying limitation with readmission analyses among surgical populations is the assumption of patient follow-up or representation within the same hospital system in which the index procedure was performed. 38 Health literacy may have a more influential role on postdischarge health care use within the surgical population (ie, readmission, ED visits), but the data are not available for collection and analysis. We also did not assess the association with HL levels on discharge dispositions (eg, home health, inpatient rehabilitation, skilled nursing facility). However, unlike readmission and ED visits, LOS is captured 100% of the time via the electronic medical record, adding to the strength of our observed findings.
These results show an opportunity for hospital systems to improve the inpatient experience, decrease potential adverse events, and decrease overall costs. Approximate costs and capacity analyses at the home institution of the authors suggests that if patients within this cohort with a low HL level could achieve the same LOS as the group with high HL, a savings of 1 bed-days per patient, the hospital would save approximately $61 000 per annum, and the early release of beds would add additional inpatient capacity, which would result in additional revenue. Thus, if a patient can be identified as having a low HL level during one of the several perioperative interactions (initial surgical consultation, preoperative holding room, daily rounds, and follow-up appointments), clinicians are given an opportunity to focus more attention on ensuring patient understanding and comfort. Any means by which patients with low HL levels can be identified early may offer opportunities for interventions to achieve a shorter hospital LOS. For example, this could be accomplished by using additional visual aids, using less technical language, and slowing or repeating the delivery of information.
Future studies plan to include prospective cost analyses among this surgical population and the identification of any effects of preoperative identification of those with low HL may have on cost reduction, given the demonstrated effect on LOS and hospital bed use. Additionally, an effectivenessimplementation hybrid randomized clinical trial, as proposed by Curran et al, 39 could be used in which we test the effects (effect on LOS) of a proposed intervention (eg, focused preoperative or postoperative teaching sessions) for those with low HL levels, while, at the same time, focusing on implementation of interventions within our institution. However, the most important aim moving forward is the continued education on HL and its effects on outcomes to clinicians, specifically house-staff members and advance practice nursing personnel who may spend more time performing patient education, discharge planning, scheduling, and other tasks. 40 
Conclusions
Lower HL is independently associated with increased LOS in patients who are undergoing major abdominal surgery. In this study, lower HL status is not associated with increased 30-day ED visits or 90-day hospital readmissions in the same patient population.
